Emissions Trading Systems (ETSs) as cost-effective methods to facilitate emission abatement are raising more concerns. This paper implements different scenario analysis and simulates the establishing of a conceivable global emission trading system with China, USA, Europe, Australia, Japan and South Korea included using the computable general equilibrium model--CGEM. To investigate the interaction between China and global emission trading system, we analyse the impact on industrial structure, energy structure and international trade of China and clarify the role of China in context of global emission trading system.
Introduction
Global climate change has become a severe threat to the sustainable development of human beings; thus, most of the countries have adopted measures to reduce carbon emissions while developing the economy. As the cost-effective approach to facilitate emission abatement, Emissions trading systems (ETS) have been raising more concerns. Globally, there is a potential trend for different regional emission trading systems to be linked. This paper investigates the potential impact on industrial structure, energy structure and international trade of China in context of multi-region linked ETS.
Emissions Reduction Target
To tackle the global climate change, the "United Nation Climate Change Convention" passed in 1992 put forward the goal and principle of meeting the climate change challenge; moreover, in 1997, the "Kyoto Protocol" stipulated the quantified emission reduction obligations between 2008 and 2010 for developed countries with more countries and regions proposing emission reduction targets afterwards, as listed in Table 1 . In Copenhagen, China made the voluntary emission reduction commitment to decrease the carbon dioxide emissions per unit of GDP by 40-45% in 2020 from the 2005 level. The targets for reducing the energy consumption per unit of GDP by 16%, reducing the carbon dioxide emission per unit of GDP by 17% and increasing the proportion of non-fossil energy to 11.4% in primary energy consumption were also set in the National Twelfth Five-Year Plan. 
Current Development of Emissions Trading
Recognized as a cost-effective way to facilitate emissions abatement, emissions trading systems are expected to play a more significant role for global climate mitigation since the establishment of the 1 st emissions trading system the UK emission trading system. Globally, according to the World Bank, the total amount of carbon trading climbed up to 10.3 billion CO2 equivalent in 2011, covering European Union, California in United States, Australia and New Zealand etc. The EU-ETS is the kernel of the EU's policy to combat the climate change and to achieve the emissions reduction target for 2020. Launched in 2005, the EU-ETS covering approximately half of the total CO2 emissions in the EU countries has accelerated the development and application of low-carbon technology; however, the financial crisis, the European crisis and the design defect were responsible for the excessive emission allowance of EU-ETS, resulting in the price decline from 30€/ton in 2005 to 5€/ton in 2013. Based on the experience from Phase I and Phase II of ETS, EU has modulated and redesigned the trading mechanism to maintain a stabilized carbon price. The first attempt to establish a robust international carbon market was announced in 2012 that a full two-way link between the two cap and trade systems of EU and Australia would start no later than 1 July 2018; however, uncertainties exist with the new Australia government coming into power. Additionally, there has been a successful regional linkage between the EU-ETS and the carbon markets in Norway, Iceland and Liechtenstein.
Currently, a United States national carbon market has not been in force, but several regional emissions trading markets have been established including the Western Climate Initiative (WCI) and the Regional Greenhouse Gas Initiative (RGGI) in eastern US. Furthermore, owing to the potential benefits of linking regional emissions markets, California and Quebec jointly created the largest regional carbon market in North America in 2014. Since 1 st July 2012, Australia has imposed a fixed carbon price of AU$23 per metric ton of carbon dioxide equivalent (CO2e) on certain industries; then, the "fixed carbon price" mechanism will switch to "emissions trading market" from 2015. New Zealand officially launched the emissions trading system in 2008 with the forestry sector, petroleum sector and electricity sector covered step by step. In Japan, the development of regional ETS is faster than a national market. As the first ETS in Asia, the Tokyo Cap-and-Trade Program (Tokyo-ETS) was launched in 2010, followed by the heated discussion on imposing a national ETS in Japanese Diet. South Korea government plans to put the national ETS into effect from 2015 covering more than 450 entities, accounting for 60% of total emissions.
China has been taking action to establish the domestic ETS since 2011; specifically, in the "Twelfth Five-year Plan", Chinese government has explicitly announced to "establish carbon emissions trading systems gradually". As the cornerstone to establish a national emission trading system, the National Development and Reform Commission of China has initiated carbon trading pilots in two provinces (Hubei, Guangdong) and five cities (Beijing, Tianjin, Shanghai, Shenzhen and Chongqing). The first emission trading pilot Shenzhen Emissions Exchange came into operation in June 2013 followed by other six pilots. Moreover, there has been a growing discussion on the linkage between China and other ETSs, once the national carbon trading market is effectively established.
Model Description
This research adopts a multi-region, multi-sector, recursive-dynamic general equilibrium model the China-in-Global Energy Model (C-GEM) with China details. The C-GEM developed by the Tsinghua-MIT China Energy and Climate Project is a model for assessing the domestic and global impact of energy and climate policy in China. Based on the Global Trade Analysis Project (GTAP) database, China national input-output tables and energy balance tables, the C-GEM describes 20 sectors as shown in Table  2 . Specifically, there are detailed representation of the energy-intensive sectors including iron & steel, non-ferrous metals, non-metallic minerals, chemicals & rubber, and other ferrous manufactured products. In the model, the GTAP database is aggregated to 19 regions listed in Table 3 below. The C-GEM is solved recursively in five-year intervals, starting with the year 2010. The model is written in the General Algebraic Modeling System (GAMS) software system and solved using Mathematical Programing System for General Equilibrium analysis (MPSGE) modeling language. 
Modeling Scenarios
Currently, although there are uncertainties for the establishment of a unified international carbon trading system including all countries, the linkage among different regions has been raising more concerns. This paper selects China, United States, European Union, Australia-New Zealand, Japan and South Korea as representative countries in a hypothetical multi-region linked emissions trading system to analysis the emissions trading scale, carbon price and international trade. Furthermore, the impact on domestic industries and international competitiveness in China is also identified.
Emissions Trading Cap Design
This paper designs the emissions trading caps according to the emissions reduction target for 2020 in each region. The carbon emissions reduction targets of main countries can be classified into two categories: the absolute emissions reduction targets are adopted particularly in European Union and United States, while China and South Korea set the relative emissions reduction targets. For the absolute emissions reduction target, we calculate the emissions allowance for 2020 based on historical statistical emissions data. Meanwhile, to represent the relative emissions reduction targets in China and South Korea, the baseline scenario in C-GEM is selected as the Business As Usual (BAU) scenario. The emissions allowance in 2020 is listed in Table 4 below.
With respect to the sectors covered in each ETS, we make assumptions about the same coverage of the emissions trading system in Australia-New Zealand as EU-ETS. On the contrary, since China, the US, Japan and South Korea have not yet finalized the structure of their domestic carbon market, we assume that all sectors are included in emissions trading system. 
Modeling Scenarios Design
We develop three scenarios to assess the impact of multi-region carbon trading among EU, U.S., China, Japan, South Korea, Australia and New Zealand, which are shown in Table 5 . According to the expectation that Australia will link its ETS with New Zealand in 2015, we describe a completely integrated Australia-New Zealand emissions trading system. To analysis the impact of establishing a multi-region linked ETS, a business-as-usual scenario (BAU) is developed as comparison to the ETS policy scenarios, which simulates the economic development and carbon emissions for each region. Then, we consider two ETS policy scenarios: (1) Separate-Region (SR) scenario that simulates the isolated development of each ETS without linkage; (2) Multi-Region (MR) scenario that supposes a successful establishment of multi-region linked ETS.
Results

Emissions reduction and permits trading
Results of SR scenario indicates that the carbon emissions of each region decrease at different levels with allowance restraint. Additionally, owing to the disparate carbon abatement cost, there is significant range of the carbon price for the regions, as outlined in Table 6 . In MR scenario, U.S., Australia-New Zealand, Japan and South Korea need to import carbon emission permits to achieve their binding carbon emissions reduction targets, while EU and China can obtain income by exporting permits. The permits trading in MR scenario reach up to 763mmt and 14.5 billion$, and the unified carbon price declines to a reasonable level-19$/ton, especially for Japan, South Korea and Australia-New Zealand. Notably, the multi-region linked emissions trading system can reduce the adverse impact of ETS policy on economy in regions with high carbon abatement cost like Japan and South Korea: the GDP loss decrease from 1.44% and 1.56% to 0.11% and 0.13%, respectively. 
Impact of linking ETSs on energy and economy
In MR scenario, on account of the linkage of multi-region emissions trading systems, the emissions reduction restraint is transferred, resulting in the substantial impact on energy structure for each region, as shown in Figure 1 below. The fossil energy consumption in SR scenario of U.S., Australia-New Zealand, Japan and Korea reduce dramatically compared with in BAU scenario, by 13.5%, 11.0%, 27.6% and 28.6% respectively; however, the emissions permits trading in a unified ETS allows these regions to lower the energy adjustment cost by purchasing permits instead. Specifically, in China, the oil and gas consumption is approximately same in three scenarios, while the coal consumption decrease by 9.0% and 17.6% in SR and MR scenarios severally, indicating that participation in a multi-region linked ETS can accelerate the reduction of coal consumption in China.
Consequently, taking part in the multi-region ETS can facilitate the development of sustainable energy in China (climb up by 33.7% in MR scenario compared with in BAU scenario). Conversely, in the permits importing regions like U.S., Japan and South Korea, the sustainable energy consumption in MR scenario is lower than in SR scenario, showing that by purchasing permits across regions can these countries find an alternative to reduce the high energy adjustment cost. In MR scenario, as a consequence of high carbon abatement cost in permits importing regions like U.S., Australia-New Zealand, Japan and South Korea, tighter emissions allowance is transferred to China, resulting in the decline of energy-intensive industries production, as shown in Figure 2 . The production of Iron & Steel sector (i_s) and Petroleum & Coke sector (ROIL) in China decrease by approximately 4% compared with that in SR scenario. On the contrary, permits importing regions relieve the great reduction pressure on energy-intensive industries by purchasing permits from China and EU. The production of Electricity sector (ELEC) and ROIL increase dramatically at different levels compared with that in SR scenario in each region.
Fig. 2. Production of energy-intensive industries in 2020
Linking domestic ETS with other regions has a significant impact on foreign trade for China, leading to 11% lower net export value than that in SR scenario. Specifically, with higher cost of energy, the net import of chemicals and non-ferrous metal increase by 60.0% and 11.7% respectively, while the net export of iron and steel decrease by 36%. For the permits importing regions like U.S., Japan and South Korea, the international competitiveness get enhanced with more exports compared with in SR scenario. 
Conclusion
This paper implements different scenario analysis and simulates the establishing of a conceivable multi-region emission trading system with China, USA, Europe, Australia, Japan and South Korea included. To investigate the interaction between China and global emission trading system, we analyze the impact on industrial structure, energy structure and international trade and clarify the role of China in context of multi-region emission trading system. Three conclusions are drawn as below:
The establishment of multi-region emissions trading system can optimize the allocation of emissions space and reduce the carbon abatement cost regionally. For instance, permits importing countries like Japan and South Korea can reduce the national GDP loss by purchasing emissions permits from countries with lower abatement cost. Notably, once China participates in the multi-region emissions trading system, the emissions allowance will become more limited, resulting in the promotion of energy efficiency, the decline of fossil energy consumption and the development of clean energy in China. The multi-region linked emissions trading system has substantially adverse impact on energyintensive industries in China; furthermore, as a consequence of the higher energy cost, the international competitiveness of energy-intensive industries in China declines, the net export of which is 11% lower than that in SR scenario.
